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POST-WILDFIRE GEOMORPHIC STREAM RESPONSE
IN SIX NEW MEXICAN
WATERSHEDS

By Aljaz Praznik
BS, Environmental Science, University of New Mexico
MS Civil Engineering, University of New Mexico, 2020

ABSTRACT
Wildfire causes severe physical changes to watersheds, which then leads
to geomorphic changes in the burned watersheds. In New Mexico and the
southwestern U.S., flooding is a common response after a wildfire, due to higher
water runoff from the hillslopes and sediment erosion rates. These flood events
change the erosion and deposition characteristics of a stream, which can result in
the deposition of a large amount of sediment near the communities living
downstream. The objective of this research was to analyze and compare post-fire
geomorphic stream response caused by six different wildfires in New Mexico
with the goal to create a conceptual channel evolution model for 1st, and 3rd order
streams post-wildfire in semi-arid environments. This was accomplished through
a combination of fieldwork and historical spatial analysis of the active channel
iv

width pre and post wildfire conditions. This study compared the post-fire
geomorphic responses between 1st and 3rd order streams for six different wildfires
that burned in New Mexico once and the results were used to generate a
conceptual model of these changes. The research results suggest a large variety in
individual wildfire-caused geomorphic changes in active channel width, after
wildfires. However, a trend of increasing active channel width was observed in 9
out of 12 streams within the first four years after a wildfire. Also, four years after
the fire, the active channel width percent increase of all 1st order streams was
larger than the increase of all 3rd order streams.
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INTRODUCTION
The severity, size, and frequency of wildfires have increased dramatically in New

Mexico and across the American West over the past several decades, due to increasing
temperatures, drought, and earlier snowmelt, as well as the forest land management
(Margolis et al., 2017). The severe nature of these fires has resulted in catastrophic
consequences for downstream communities and ecosystems (Davis et al., 2014).
Therefore, it is important to understand the geomorphic response of the streams within
burned watershed over a decadal timescale to allow for the design of resilient
infrastructure and sustainable stream and riparian ecological restoration. Post-fire
geomorphic change studies have mostly focused on changes in sediment flow (e.g.
Benavides-Solorio & MacDonald, 2005), and do not provide a conceptual model of
channel cross-section changes after a wildfire. Therefore, this research was focused on
developing a post-wildfire geomorphic channel evolution model for 1st and 3rd order
streams. Streams of different stream orders were chosen for the study to observe the
geomorphic difference between the canyon mouth (3rd order) and the higher
elevatedslopes above the canyon (1st order). The main research questions addressed
through this study were:
1.

Which order streams (1st or 3rd) experience a more substantial

change in active channel width during the first four years after a wildfire?
and
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2.

When does the active channel stop increasing and start to stabilize
or decrease for 1st and 3rd order streams?
Active channel area was defined as the lower limit of terrestrial

vegetation, next to the stream channel (Fetherston et al., 1995). Active channel
width was calculated by dividing the active channel area by the length of the
centerline (line passing through the middle of the active channel area). An
example of an active channel area and centerline is presented in Figure 1.

Figure 1: Active channel area (blue) and centerline (red), marked on the stream affected
by the Las Conchas wildfire in 2011
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2 Research Objectives
The goal of this research was to evaluate the effects of wildfires on stream
geometry and morphodynamics, as a function of time after a wildfire. To achieve that
goal, the following objectives were pursued:
•

Investigate the post-fire active channel width changes (percent increase or
decrease after a wildfire), in 1st and 3rd order streams, based on spatial data
for the first four years after a fire

•

Develop a conceptual post-channel evolution model based on field
observations of the stream geomorphic changes (signs of active channel
width changes and signs of post-fire erosion and deposition) in 1st and 3rd
order streams, affected by a wildfire

3

BACKGROUND

3.1 Wildfires in the Western United States
Recent wildfires studies have shown an increase in the frequency, size, and burn
severity of wildfires in the Southwestern United States (Collins & Bolin, 2009; Miller et
al., 2012). Also, very large wildfires are becoming more frequent (Miller et al., 2012).
These changes are attributed to rising temperature and drought severity as well as
historical fire suppression and land management (Miller et al., 2012, Westerling & Swetnam,
2003). Wildfire suppression has caused accumulation of organic material in forests, where
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wildfire is a common and necessary element. The accumulated materials provide fuel to
wildfires, which have grown to unprecedented size and high burn severity (Westerling &
Swetnam, 2003).

3.2 The North American Monsoon in New Mexico and Wildfires
New Mexico, along with portions of Arizona and Texas, are affected by the North
American Monsoon, which delivers vital precipitation in the months of July and August
(Douglas et al., 1993). Precipitation in the months of July and August represents 30% of
annual precipitation for southwestern New Mexico (Wayne Higgins et al., 2003).
According to NOAA precipitation data for Albuquerque, NM (Climate at a Glance
(NCEI), n.d.) the mean monthly precipitation over the last 19 years is 30 mm or higher
during the months of July, August, September, and October. In contrast, it is less than 18
mm (mean/month) during the rest of the year. The Jemez Mountains in northern New
Mexico receive 44 % of the annual precipitation during August and September (Margolis
et al., 2017). In the first six months of the year before the monsoon season in New
Mexico, the precipitation rates are very low (under 6.5 millimeter/month), which results
in dry vegetation and increased wildfire risk. Further, May and July are the hottest
months of the year in New Mexico (Margolis et al., 2017). Therefore, the monsoon
affects the wildfire season by either extending or shortening it (Nauslar et al ., 2019).

3.3 Soil hydrophobicity
An important post-wildfire physical change is an increase in water repellency or
hydrophobicity of burned soils (Swanson, 1981). During a fire, the heat vaporizes
hydrophobic compounds in organic matter, which can then escape into the atmosphere or
4

move into soils and cool down. The condensation of the compounds in the soils creates a
layer of hydrophobic soil particles (Huffman et al., 2001). The hydrophobic layer in the
soil prevents rainfall from infiltration (Gabet, 2003; Huffman et al., 2001). Due to the
inability of the water to infiltrate the soil, mass movement erosion is commonly observed
after an intense wildfire (Swanson, 1981). If the ash and soil layer above the hydrophobic
layer becomes saturated, there is no more infiltration, and any additional precipitation
becomes a runoff (Huffman et al., 2001). The soil hydrophobicity is believed to be the
main cause of increased water runoff and erosion rates from forest watersheds after
wildfires. The rate of runoff can increase more than ten times due to hydrophobic soils,
which can then cause severe erosion rates from the forested watershed areas (Huffman et
al., 2001). Soil hydrophobicity due to wildfires is the main cause in the increase of runoff
and higher erosion rates after a wildfire (Huffman 2001). Gabet, (2003) discovered in a
post-wildfire soil hydrophobicity study in Santa Barbara, California, that 1-2 cm hillslope
failures caused by hydrophobic layer in the soil, produced as much as 290 kg of sediment
per meter width of the hillslope, being delivered to the valley floor.
The intensity and thickness of the hydrophobic layer in the soil depends on burn
severity, vegetation type, soil texture, soil moisture, and time since burning (Huffman et
al., 2001). Burn severity is believed to be the primary control among the factors because a
higher temperature burning fire vaporizes more hydrophobic compounds (Huffman et al.,
2001). In New Mexico and Mediterranean soils, a specific kind of erosion, called thin
debris flow (TDF), has been observed. This occurs when the hydrophobic layer in the soil
creates a shallow perched water table during rainstorms. The result is a small slope
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failure (Gabet, 2003). However, studies show that the hydrophobic layer in soil
disappears within six years post-wildfire or earlier (Huffman et al., 2001).

3.4 Effects of vegetation on erosion
Another important post-wildfire physical change and the primary cause for
flooding and erosion is the combustion of protective forest floor material (Shakesby &
Doerr, 2006; Spigel & Robichaud, 2007) and reduction in vegetation (Swanson, 1981).
The reduction exposes bare soil to overland flow conditions, which accelerates the runoff
(Spigel & Robichaud, 2007). The accelerated runoff then reduces bank stability and
increases sedimentation and mobilization of wooden debris (Ernstrom, 1999). Sediment
is moved from the hillslopes by different surface erosion patterns; during which it is
stored in different storage areas such as alluvial fans, floodplains, and in-channel
deposits. The residence time in these areas varies from days to thousands of years and
mostly depends on vegetation (Swanson, 1981).
The impact of the removal of the organic material is tightly correlated with the
burn severity of the wildfire (Benavides-Solorio & MacDonald, 2005; Ernstrom, 1999;
Swanson, 1981). A high severity wildfire will burn through the tree rooting system,
preventing the soil from being bound and causing erosion from sloping terrains. A low
severity burn fire, will only affect surface organic litter and expose the bare soil but it
will not affect the rooting system (Swanson, 1981). The geomorphic changes are
happening already during high severity fires when firefighters have reported rolling rocks
6

and boulders, released by the roots of trees due to combustion, drying soil and strong
winds produced by the heat (Swanson, 1981).

3.5 Channel evolution model
Harvey & Watson (1986) studied the channel evolution after channelization to
create a channel evolution model with five different channel types (Figure 1). The types
are located in different parts of the stream, divided by a nickpoint which is a sudden
vertical incision or a dent, followed by a change in the slope of the stream—some parts of
the channel experience channel incision and widening. During Type I, the channel is
stable and in equilibrium. The channel incision (Type II) happens by concentrated water
flowing due to exerted eroding forces that exceed the resistance forces of the material in
the channel. If the channel walls are no longer able to support the weight of the sediment,
the incision can be followed by channel widening (Type III). However, parts of the
stream located further downstream in an aggregational zone can experience channel
widening (Type IV) and later riparian vegetation regrowth (Type V).
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Figure 2: Channel Evolution model, created by Harvey & Watson, (1986)

3.6 Study area
The study area consists of six watersheds in three different national forests: Lincoln
National Forest, Santa Fe National Forest (and Valles Caldera National Preserve), and
Gila National Forest Forest in different regions of New Mexico (Figure II).
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Figure 3: Location of the wildfires included in this study. The blue dots are the wildfires
where the fieldwork was also performed.

3.7 Datasets
•

Based on U.S. Forest Service (USFS) burn scar polygon data for New
Mexico, 18 watersheds that produced a fluvial geomorphic response after a
wildfire were chosen for this study. After closer examination, six wildfires
9

were chosen for further spatial analysis work (Table 1) and three watersheds
for fieldwork.
The wildfires were selected by the criteria of:
•

The fire burned within the New Mexico State border

•

Sufficient aerial photography data were available with a proper resolution
for pre- and post-fire

• The area only burned once, since 1985
• The fires burned different size of forest area
• The fires represented diverse geologic conditions
The watersheds of the study were selected by criteria of:

• The stream lies within the center of the wildfire
• The watershed of the study was within a wildfire and the watershed
contained at least one 3rd order stream
Most of the streams studied in the research were small and did not have names;
therefore, in this study, names were assigned based on the wildfire that they were affected
by. The only exception is the Rio Chiquito studied within the Las Conchas fire.
Table 1: New Mexican wildfires included in the dataset of study
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Wildfire

Wildfire

Historical

Latitude

Longitude

Hectares

Name

Date

Aerial

of Canyon

of Canyon

burned

Photography

Mouth

Mouth

1996, 2003,

32°51'30.9

105°35'59.3

2005, 2009,

0"N

2"W

Availability
Penasco

2002

5, 804

2011, 2014,
2016
Taylor

May

2005, 2009,

33°19'19.6

108°

2006

2011, 2014,

5"N

5'42.48"W

687

2016
Mayhill

May

2009, 2011,

32°54'21.7

105°28'27.1

2011

2014, 2016

6"N

6"W

*Las

June

2009, 2011,

35°42'22.1

106°

Conchas

2011

2014, 2016

0"N

23'46.97"W

*Little

June

2011, 2014,

33°26'23.7

105°45'49.9

Bear

2012

2016

9"N

2"W

*Silver

June

2011, 2014,

33°

107°53'24.5

2013

2016

5'38.80"N

5"W

13, 582

63, 130

(Cochiti
Canyon)

*Fieldwork observations were made at the burn scar of the wildfire
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17, 939

56, 129

The wildfires included in this research vary tremendously in their burn areas. The
Las Conchas and Silver fires burned more than 50,000 hectares of forest, which classifies
them as the second and third largest wildfires in New Mexico history (MTBS, n.d.). Three
of the wildfires were larger than 5, 000 and smaller than 20, 000 hectares burned (Little
Bear, Mayhill, and Penasco), and one wildfire was relatively small, with 687 burned
hectares (Taylor fire) (MTBS, n.d.).

3.8

The climate of the study area
New Mexico is located in the southwestern part of the United States centered at a

latitude of approximately 35°, with climate affected by the Hadley cell circulation, which
generates a belt of subsiding air that tends to suppress clouds and precipitation at these
latitudes (Gutzler, 2005). Monthly average temperatures in the northern mountainous
regions range from a low of -6° C in January to around 15° C in July while in the lower
elevations in the south, the range is from 5° C in January to low 27° C in July. Much of
the state is characterized as arid to semi-arid, with most areas in the central and west
receiving less than 400 mm of precipitation annually (Frankson & Kunkel, 2017).
Due to global warming trends, the New Mexico climate is changing. Over the past
several decades, much of the state has seen increases in the number of extremely hot days
(the maximum temperature at or above 38° C), most prominently in the eastern plains. A
similar trend is apparent in the number of warm nights (the minimum temperature at or
above 20°C), which has increased since the mid-1970s, and in winter temperatures, as the
number of very cold nights (the minimum temperature at or below -18° C) was below

12

average during the 1990–2009 and 2015–2018 periods (Frankson & Kunkel, 2017).
Along with increasing temperatures, the precipitation in New Mexico is highly variable
from year to year. However, the latest multi-year drought (2011–2014; the second-worst
statewide drought since the early 1950s) resulted in near-record low levels of water in the
state’s reservoirs (Frankson & Kunkel, 2017).
The projected future mean changes in precipitation show from 10 to 30 %
decrease in precipitation for spring, which already is the dry season in New Mexico
(Frankson & Kunkel, 2017). Due to the decrease in precipitation and increased
temperature, droughts are projected to become more intense (Gutzler & Robbins, 2011).

4

MATERIALS AND METHODS

4.1 Methodology framework
The approach (Figure 3) combined an analysis of the active channel average
width comparison between 1st and 3rd stream orders, from pre-fire to the first four years
post-fire, based on fieldwork observations. Active channels were then digitalized based
on historical aerial photographs to analyze the widening and narrowing of the active
channel post-wildfire. The results of all methods were combined with findings from
previous studies, of Swanson, (1981) and Benavides-Solorio & MacDonald, (2005) to
create a conceptual model of post-fire geomorphic stream response.
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Figure 4: Schematic diagram of methodology framework for conceptual model of postfire geomorphic stream response

4.2 Approach
4.2.1 Spatial Analysis

14

Watershed polygon process
After examining the aerial photography of each wildfire in the dataset, a stream
for each wildfire was chosen to study. The streams were then analyzed using DEM files
of the area and a set of ArcGIS Hydrologic tools, to find the watershed polygon (Figure
4). Watershed and drainage network characteristics were derived from USGS DEM
datasets. The process included flow direction, flow accumulation, pour point, and stream
order tools. The resulting layer was a polygon of the watershed basin of the stream of
study.

Figure 5: A sequence of tools completed to obtain a polygon of the watershed area of
study

Active channel area and centerline
Shapefiles of morphometric parameters were manually digitized using QGIS
version 2.18.10 at a scale of 1:1000 or less, including active channel area, disconnected
alluvial fan area, and channel centerline. Active channel area and alluvial fan area were
designated as the regions that showed signs of recent bed material transport and which
were not colonized by perennial vegetation. Reaches were defined as the section of the
15

channel between two tributary confluences. The channel centerline was marked for each
reach separately throughout the entire stream in a watershed. Once, all centerlines were
marked, they were assigned different stream orders, (Strahler, 1957). The Stream Order
classification is presented in Figure 5. The active channel area was marked as a polygon
for each reach separately and also assigned a stream order. To minimize subjectivity,
parameters were digitized in as few sittings as possible. Because of photography
resolution or visual obstructions (e.g., dense stands of trees), the active channel is often
discontinuous. The digitalization of the centerline and the active channel is presented in
Figure 6.

Figure 6: An example of the Strahler Stream Order marking system used in this study
(Strahler, 1957) based on the Rio Chiquito stream network.
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The length of each centerline feature (i.e., each reach) and the area of each active
channel polygon feature was calculated with QGIS. Reach-averaged active channel width
was calculated for each reach as an active channel area divided by active channel length.

Figure 7: Digitalization of active channel and centerline using the process to create
average active channel width data for each year and site

To evaluate the channel geomorphic changes, the average width of all 1st and 3rd
order streams within a watershed was calculated by dividing the sum of the area of all 1st
stream orders to the total length of all 1st centerlines. The average width of the channel
was calculated as the sum of the active channel area all the same order streams, divided
by the sum of all centerline lengths of the same order streams. For each wildfire, an
average active channel area was calculated for all 1st and 3rd stream order separately for
pre-fire and every year within four years after a wildfire. Ultimately, an average width of
17

all six wildfires was calculated for 1st and 3rd stream order separately and plotted in feet
and percent. Percent change in specific year post-fire, compared to pre-fire active channel
width calculation, was calculated as the difference between average active channel width
in a given post-fire year and the pre-fire active channel width, divided by the pre-fire
active channel width.

4.3 Field observations
Geomorphic field reconnaissance was performed at three burned watersheds (Las
Conchas fire, Silver fire, and Little Bear fire) over the course of four days to evaluate:
•

Post-wildfire depositional and erosional processes, emphasizing the most recently
active processes to begin to understand which processes occur at which durations
post-wildfire. This included aggradation, degradation, lateral erosion, widening,
gully evolution, and fan building.

•

Post-wildfire bed material sorting. This included determining when gradations at
the surface and sub-surface started to differ, and the inception of riffles, steps, and
pools.

•

When riparian and upland vegetation re-established and how vegetation species
differed from pre- to post-wildfire based on comparison to lower burn severity
burn scars.

•

The suitability of a site for additional detailed data collection to support future
studies.
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•

Active channel width at a few locations to help quantify uncertainty in the
associated morphometric parameter analysis
Stream conditions were documented through field visits to four burn sites

resulting from three different wildfires: Las Conchas 1st order streams, Las Conchas
3rd order streams, Silver fire, and Pinatosa fire. The drainage area varied from 3.1 to
34.7 square kilometers. Stream channels at these sites were mostly ephemeral, but a
few were perennial. The fieldwork consisted of examining the different stream orders
of the same stream by walking through the watershed. Key features were observed
and noted, including signs of post-fire erosion and sedimentation, bed sorting,
vegetation establishment, and other indicators of watershed recovery focusing on
identifying recent and ongoing geomorphic activity in low and higher-order channels.
The vegetation damage was examined, and signs of burned woody debris in the
channel were observed and noted.
The Silver fire was examined in two different streams, with different stream
orders and different burn severities. The area was examined for signs of post-fire
erosion and deposition as well as signs of post-fire stream recovery.
The Las Conchas burn site was visited twice; the first-time higher elevation, 1st
stream order tributaries were examined, and the second time a lower elevation main 3rd
stream order channel. The reconnaissance started at the beginning of the 1st order
streams and progressed downstream into the canyon.
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5

RESULTS

5.1 Active channel width comparisons
The percent change in the post-fire active channel width for all sites is shown in
Figures 8 and 9. The active channel width increased post-fire for nine out of 12 locations,
decreased in two locations (Penasco 1st and Mayhill 3rd), and stayed constant in one
location (Taylor 1st). The largest post-fire increase was observed for the Silver Fire, with
a 262% increase in active channel width. Mean values for all fires combined were
calculated and are plotted on each plot with red lines (Figures 8 and 9).
In three cases, the post-fire active channel width of the stream narrowed to less
than its pre-fire width. This was observed in 1st orders stream sites, when the active
channel width of Penasco decreased after three years and in Taylor fire, after one year. In
the 3rd order streams, the average active channel width of Penasco also decreased after
three years and Mayhill fire after one-year post-fire.
The red dots show the point when the active channel width stopped increasing and
started to decrease or stabilize. In seven out of 12 cases, the active channel width was
first increasing and reached a point, after which it started to decrease. In three cases
(Little Bear 1st, Las Conchas 3rd, and Taylor 3rd stream order), the active channel width id
not reach that point at all and in two cases the active channel width was only decreasing
after a fire.
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Figure 8. Percent change in active channel width for each fires and averaged across
all sites for, 1st order streams
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Figure 9. Percent change in active channel width for each fires and averaged across
all sites for 3rd order streams

Percent in change in the mean active channel width also investigated (Figure 9 and
10). The red diamonds and the red numbers represent the mean value for each year, for
all fires combined. Yearly mean average width change comparison between the two
stream orders revealed higher values for each year in 1st order streams. After four years of
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post-fire observations, the 1st order stream channel increased by 122%, compared to 3rd
order streams, which increased by 70%.

Figure 10: Percent change in active channel width compared to pre fire conditions
for all 1st order streams. The red diamonds and numbers are mean values for the
active channel width change.

Figure 11. Percent change in active channel width compared to pre-fire conditions
for all 3rd order streams. The red diamonds and numbers are mean values for the
active channel width change.
23

5.2 Reconnaissance Observations and Conceptual Model
The field examination of streams, affected by the Silver fire revealed the
importance of slope and burn severity on the magnitude of the geomorphic response. 1st
order streams showed signs of channel widening and eroded material from the slopes
trapped inside the channel (Figure 12). 3rd order streams also showed signs of active
channel widening and floodplain formation, during the post-fire flooding. After flooding,
the water level lowered and revealed new sediment, which submerged the nearby
vegetation. The material eroded from higher elevations accumulated in the floodplain
and buried the trees located close to the stream (Figure 12).

Figure 12. Post-wildfire deposits burying trees on a pre-wildfire floodplain before
being exposed by erosion in the Las Conchas wildfire
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The observations also revealed the importance of the geologic controls in the
channel on the active channel width. The stream affected by the Silver fire had many
vertical and lateral geologic controls, which affected the geomorphology of the stream
(Figure 13). The lateral controls, such as constrictions, were jammed with boulders and
logs. The jams then created vertical controls, which prevented sediment from flowing
downstream. Upstream of the vertical controls, the stream bed became wider and
shallower, and there was substantial annual vegetation growth on the bar surfaces.
Downstream of the geologic controls, the channel was steeper and narrower, the bed
material became coarser. Further upstream, the channel narrowed, and the geomorphic
response was reduced. The bed material was also smaller (sand and gravel).
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Figure 13: An example of vertical geologic control, that caused jamming of the boulders
and logs in a stream affected by the Silver Fire.

1st order stream affected by the Silver fire did not show severe geomorphic
response, probably due to a lower burn severity in that part. However, the examination of
the tributaries revealed frequent bedrock outcrops, suggesting that the erosion is coming
from the tributary banks. 3rd order streams showed signs of higher burn severity, and
therefore the tributaries to this stream yielded more bed material debris.

The Little Bear Wildfire channel showed a more stable channel than the Las
Conchas and Silver fire streams. Vegetation was growing inside the channel, which was a
sign of very slow or non-existent geomorphic post-fire response. 1st and 3rd orders
streams both had many burned trees trapped inside the channel (Figure 14).
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Figure 14. A 3rd order stream affected by the Little Bear fire. The post-fire flooding left
burned organic material trapped inside the channel.

The stream affected by the Las Conchas fire had a large difference in vegetation
density between the 1st and 3rd order streams. The slope of the channel proved to be an
important factor in the geomorphic response. With steeper slope, a more severe
geomorphic response was observed. Since this was a high burn severity fire, a large
geomorphic response was seen. Similarly, to the Little Bear and Silver fire geomorphic
response, this stream also had differences between the 1st and 3rd order stream
geomorphic response. The 3rd order stream in this location was at the bottom of the
Conchiti canyon, where the deposition occurred across the entire valley. A narrow
meandering channel was incised into the floodplain deposition (Figure 15). The new
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channel was laterally eroding the post-fire deposits and steps, pools and riffles are
formed. Throughout the observed reach, the channel width increased post-wildfire and
channel aggraded in all stream orders.

Figure 15.: A floodplain created after the post-fire flooding and a new stream cut into it
within the Las Conchas wildfire site.
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5.3 Conceptual model
Based on the findings from the active channel width analysis and the observations
of the geomorphic stream response of the channels in the field, a post-wildfire conceptual
model for 1st and 3rd stream orders is proposed (Figures 16 and 18). The model is a
graphical representation of the most common channel response observed through this
study. The model considers the increasing active channel width, which was observed in
nine out of 12 wildfires. Also, a larger increase in active channel width was observed for
3rd, compared to 1st order streams, which was incorporated into the conceptual model.
Research studies on the post-fire sediment flow and erosion rates, such as BenavidesSolorio & MacDonald (2005), suggest a strong correlation between soil water repellency
and sediment production. Therefore, the model also incorporates higher erosion and
deposition rates from the hillslopes. It was derived using the channel evolution model
created by Harvey & Watson (1986).

5.3.1 Channel evolution model in a semi-arid area of New Mexico for 1st
order streams
The conceptual model for geomorphic channel response between pre-fire, one-year
post-fire, and four years post-fire for 1st order streams is presented in Figure 16. The
processes described are marked on the figure with numbers from 1 to 3.Before the fire,
the 1st order stream is a narrow and shallow creek. The surrounding terrain is relatively
steep at higher elevations. Due to post-fire flooding, higher runoff from the slopes
erodes large amounts of fine sand, burned organic material, and larger rocks (1). The
material is then aggregated in the channel, where the fine sediment is eroded and
transported to a lower elevation, but larger rocks and, tree branches are trapped. (2) The
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discharge and water velocities are high enough to erode fine sediment from the channel
and created riverbed failures, resulting in channel widening and larger active channel
area. After four years of post-fire, the vegetation starts to regrow in the area (3) and
reduces erosion from slopes. Also, soil hydrophobicity decreases, and more rainfall is
infiltrated. There are still many larger rocks, tree trunks, and branches trapped in the
channel (Figure 17).

Figure 16: Conceptual model of the 1st order streams geomorphic response for
semi-arid areas
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Figure 17. An example of channel adjustments in a 1st order stream from the Little
Bear fire. The photo shows substantial debris trapped inside the channel.

5.3.2 3rd Stream Order postfire channel evolution model for semi-arid areas
of New Mexico for channels located in the valley bottom, upstream of
non-erodible control
The conceptual model for geomorphic channel response between pre-fire, one-year
post-fire, and four years post-fire for 3rd order streams is presented in Figure 18 and the
processes of described are marked on the figure with numbers from 4 to 6 and Before the
fire, 3rd order streams are wider and located at a lower elevation. Vegetation is growing at
the riverbanks, and the terrain is not as steep as in 1st order streams. During the flooding
in the first year after the fire, the channel overflows and floods the surrounding area and
the vegetation (5). The stream transports high sediment loads from higher elevations.
Sediment is deposited in the channel and this creates a new floodplain surface. Four years
after the fire, an area that was flooded is now covered with fine sediment, creating a large
active channel. A new stream with lower discharge rates is incised into the deposited
floodplain sediment (7) and this creates a slight meandering characteristic, slowly eroding
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the aggregated sediment from the previous floods. Burned trees are buried with sediment.
The rest of the floodplain is no longer inundated (6), and vegetation overgrows the
floodplain, resulting in the decreased active channel area (Figures 18 and 19).

Figure 18. Conceptual model of the 3rd order streams geomorphic response for semi-arid
areas.

32

Figure 19: An example of geomorphic response via a stream carved into post-fire
floodplain resulting from the Las Conchas fire.

6

DISCUSSION
The previous studies on post-fire geomorphic stream response did not provide a

conceptual model representation of changes for different order streams. Understanding
the post-fire geomorphic response is essential, due to its potential effects on the
communities living downstream from the wildfires. Therefore, this study focused on
developing a post-wildfire geomorphic channel evolution model for 1st and 3rd order
streams.

33

6.1 Conceptual model of the 1st and 3rd stream order post geomorphic
stream response channel evolution model
In 1st stream order, the slope of the terrain is steeper; more material is eroded from
the burn sites and aggregated into the channel. Due to soil hydrophobicity and exposure
of bare soil (because of ground litter burn), the water runoff from the slopes is increased
(Ernstrom, 1999).
Also, due to the burned rooting system and decreased soil aggregate stability, the
soil debris flows from the slopes is increased (1), resulting in depositing a large amount
of fine soil, rocks and burned litter into the channel (2) (Shakesby & Doerr, 2006).
The spatial active channel analysis showed an increase in the active channel width
every year after the fire, with the largest increase during the first post-fire year. The field
examination of the first stream orders stream in burned areas showed a large amount of
material (burned organic material and larger rocks) trapped in the stream and fine sand
erosion from the channel walls.
The presented channel evolution model includes increasing active channel, the
flow of fine sediment into the channel and its transportation downstream, aggregation of
debris in the channel, and vegetation recovery.

In 3rd stream order, the slope of the channel and the surrounding terrain is less
steep, compared to 1st stream order. The spatial active channel analysis showed an
increase in mean active channel width in the first two years, followed by a decrease after
3rd post-fire year. The field examination of the burned sites for 3rd stream order showed
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increases inactive channel area, due to deposition of a large amount of fine sediment.
Also, the burial of burned trees, now included in the active channel. Hawley et al. (2012)
created a conceptual model for incised single-thread channels and braided channels. The
braided channel begins with a fine sediment deposition zone, which is then during phase
B2, incised vertically by the new channel. Similar to (Hawley et al., 2012), the presented
model in this study also shows similar geomorphologic response of the new stream
incision into the sediment deposits and meandering.

6.2 Temporal Trends in Post-Fire Channel Response
Which order streams (1st or 3rd) experience a more substantial change in active
channel width, during the first four years after a wildfire?

After four post-fire years of observation, 1st order streams experienced a larger
change in active channel width in percent (121%) than the 3rd order streams (70%).
However, the active channel width of 3rd order streams increased more in meters. This is
probably due to the formation of floodplains in the 3rd order streams, which covered a
large area with sediment. Also, since 3rd order streams are located at the bottom of the
canyon, where the basin slope is not as steep as in higher elevations, the active channel
area was able to enlarge and cover more surface with sediment.
1st order streams increased more in active channel width in percent, due to their
very narrow pre-fire width. For example, the average pre-fire active channel with of
stream, affected by the Silver fire was only 0.5 meters and increased to 2 meters after the
fire. Also, 1st order streams were more difficult to digitalize on aerial photos, due to dense
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vegetation cover. This made the digitalization of the active channel area less accurate.
The post-fire photos did not have the vegetation covering the stream, which made the
digitalization more accurate.

6.3 Impacts of Stream Order on Post-Fire Active Channel Width
Assuming the Active channel area increases after a fire, when does it stop increasing
and start to decrease? For 1st and 3rd order streams

Individual wildfires had different timing of active channel width starting to
decrease. Seven out of 12 fires first experienced an increase in active channel width and a
point, after which the width started to decrease. The active channel width was expected to
increase during the first few years after the wildfire, due to increased water runoff and
erosion rates. However, the width decreased post-fire for three of the streams. Since there
are many different variables affecting the geomorphic stream response, further research is
required to understand why the active channel width has decreased after a fire for the tree
streams.
No trend was observed in the timing of the active channel width beginning to
decrease for 1st and 3rd order streams. Further study, with a longer observation period, is
required to understand if stream order affects the timing of active channel width
narrowing.
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6.4 Mean value changes of all fires
The factors affecting the width of the active channel are highly variable, and thus
the extensive investigation of different scenarios is required to detect trends. This
research focused on evaluating data from six forest fires in New Mexico, USA. Channel
widening vs. narrowing for the wildfires was categorized for 1st and 3rd order streams.
Change in the mean active channel width revealed an increase in both 1st and 3rd order
streams, however, with different magnitudes and fluctuations.

7

CONCLUSIONS
Wildfires cause drastic changes to the geomorphology of the streams in the burned

watershed. In the Southwestern U.S., flooding is a typical response, which changes
erosion and deposition rates and alters the geomorphology of the streams. To understand
the different geomorphic changes within the first four years after a wildfire, a conceptual
model was created for 1st and 3rd order streams and presented in this study. The model
showed channel incision and widening, with a substantial amount of organic material
trapped inside the channel for 1st order streams, four years after a fire. 3rd order streams
experienced a large floodplain creation, which buried nearby trees. A new stream was
incised into the floodplain during the first four years after a wildfire. Also, out of 12
streams affected by wildfires, a trend of increase in active channel width was observed in
9 streams during the first four years after a wildfire. In a comparison of post-fire active
channel width changes between 1st and 3rd order streams, on average 1st order streams
experienced a more substantial percent increase than the 3rd order streams.
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Appendices

Appendix A-Graphs and Plots
Table 1 Table of active channel width changes for individual fires
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Figure 20 Daily maximum discharge data of Gila river, post Silver Wildfire
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Figure 21: Daily maximum discharge data for Rio Ruidoso, affected by the Little Bear
fire
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